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The Ef fec t  of IsolatPor. i n  B Constant Envimnment on 

P e r i o d i c i t y  of Physiological  Functions and Performance Levels  

ABSTRACT 

Two medical s t u d e n t s  were i s o l a t e d  f o r  9 days i n  a cons t an t  environ- 
ment, i n  which t h e  temperature wa8 kept a t  27'C ,+ . l *C ,  barometric p r e s s u r e '  
a t  30.560 2.004 inches,  humidity a t  30% p 5%, Resp i ra to ry  r a t e ,  pulse  ra te ,  
body temperature, s k i n  temperature, b a s a l  s k i n  r e s i s t a n c e  and two channels  
of EEG were continuoueily monitored w i t h  8-channel b io t e l eme t ry  systems 
dur ing  a 4-day c o n t r o l  per iod,  nine days of i s o l a t i o n  land dur ing  a 3-day 
recovery period. 
i n  samples obtained 4-5 times daily., Psychomotor t es t s  were c a r r i e d  out 
twice d a i l y  and included hand-steadiness, aiming and two-hand coordina- 
t ion. 

Nine u r i n e  funct ions and 4 s a l i v a  f u n c t i o n s  were s t u d i e d  

The two s u b j e c t s  were of d i f f e r e n t  body b u i l d  and demonstrated 
d i s t i n c t l y  d i f f e r e n t  p e r s o n a l i t y  t r a i t  con f igu ra t ions .  The two s u b j e c t s  
r eac t ed  t o  t h e  "constant environment" i n  an opposi te  way a s  i n d i c a t e d  i n  
an increased and decreased k e t o s t e r o i d  e x c r e t i o n  and corresponding 
s u b j e c t i v e  experiences,  Dai ly  changes i n  performance t e s t  s c o r e s  and 
ampli tudes of c i r c a d i a n  c y c l e s  o f  physiological  f u n c t i o n s  a l s o  r e f l e c t e d  
d i f f e r e n c e s  i n  p e r e o n a l i t i e s .  

The s u b j e c t s  s h i f t e d  du r ing  the  8 days and n i g h t s  of i s o l a t i o n  1.7 
hours per  day away from the  BseaP clock time. 

and basal s k i n  r e s i s t a n c e 9  r e s p i r a t o r y  r a t e  d i d  no t  follow the  phase s h i f t  
of s l e e p  wakefulness cyc le  and became d i s s o c i a t e d  i n  both s u b j e c t s .  
o f  the  u r i n e  f u n c t i o n s  remained s y n c b o n i z e d  w i t h  the s leep wakefulness 
cyc le  far 5 days but broke a m y  d u r i n g  the subsequent 3 days of t h e  
i a o l a t i o n  period. 

Their average t ~ t a l  
p e r i o d i c i t y  being 25.8 hours. In c o n t r a s t  t o  pu l se  r a t e ,  body temperature,  

Most 

In spi te  of marked differences i n  i n d i v i d u a l  t ra i t s ,  one be ing  an 

The reason 
e a r l y  riser, the  o t h e r  a l a t e  awakener, t h e  two s u b j e c t s  were able t o  
coord ina te  t h e i r  meal and sleep t imes e x t r a o f d i n a r i l y  w e l l .  
being, the l a t e  awukener changed du r ing  i8o la tPsn  i n t o  an e a r l y  riser. 
The average l e n g t h  of  h i s  c i r cad fan  c y c l e s  of physfsRogPcaB f u n c t i o n s  
were found t o  be s h o r t e r  than the l eng th  s f  the 3leeg-wakefulness cyc le  
r e s u l t i n g  in a d e l a y  i n  the  phase s h i f t s  of  the former as  compared w i t h  
t h e  phase s h i f t  of the  sleep-wakefulness cycle, 

4 

Temporary predominance of 6 hour frcquenc3es fn r e s p i r a t o r y  r a t e  
and 12 hour f requencies  i n  heart  r a t e ,  body temperature and b a s a l  s k i n  
r e s i s t a n c e  of both s u b j e c t s  during t h e  % @ a l a t i o n  perfsd and recovery 
per iod i n d i c a t e  t h a t  t h e  whole spectrum of fzequcneies  was a f f e c t e d  by 
the  l o s s  o f  c i r c a d i a n  environmental time g i v e r s  in these two s u b j e c t s .  
The perfomnance l e v e l s  d i d  no t  decrease during i s o l a t i o n  bu t  showed a 
tendency t o  f u r t h e r  improvement, 



INTRODUCTION 

I n  the p ro jec t ed  space f l i g h t s ,  a s t r o n a u t s  w i l l  be confined f o r  . 
s e v e r a l  week8 and months i n  a rather constant  environment of t he  space 

capsule .  The normal 24-hour cyc le s  of the e a r t h l y  environment, such as 

l i g h t d a r k n e s 8 ,  teq?erature, humidity, etc., a c t i n g  a s  t imegivers  t o  

which the n e a r l y  24-hour ( c i r c a d i a n )  cyc les  of  phys io log ica l  func t ions  

become synchronized, a r e  either absent  or g r e a t l y  modified. 

I s o l a t i o n  i n  a cons tan t  environment has been shown t o  r e s u l t  i n  

"free running" of c i r cad ian  c y c l e s  in a small number o f  phys io log ica l  

f u n c t i o n s  i n  three i n v e s t i g a t i o n s  (1, 2 6 ,  21).  * 

A8cheff (1) demon8trated i n  man a d a i l y  s h i f t  of about 1-2 hours 

away from the local c l ack  time i n  t h e  s l e e p  wakefulness cyc le  and two 

func t ions ,  body temperature  and u r ina ry  exqre t ion .  It has no t  been 

determined whether the free running of 4 y t l o s  o f  phys io log ica l  f u n c t i o n s  

has effect8 on performance l e v e l s ,  which  a r e  known t o  also show d i u r n a l  

c y c l e s  under normal cond i t  ion8, Kleitman (13) 

Wrthermore it i 6  n o t  known whether s p e c i f i c  phase r e l a t i o n s h i p 8  

between tho r h y t h m  af organ func t ions  which are a h a r a c t e r i s t i c  for a 

hea l thy  urg&nirwa a f t  anfntained or 1-t d u r i n g  the rrhift of the s l e e p  

wakefu lnew cyc le  i n  a cons tan t  environment. 

h These LIpccific phase r e l a t i o n s h i p s  of rhythm8 or organ f u n c t i o n s  

a r e  thought  t o  be respons ib le  for  the  g r e a t  d i u r n a l  v a r i a t i o n s  i n  

re8ponse8 t o  stre88 ( 9 ) .  Phase6 of c i r cad ian  cyc le s  of phys io log ica l  

func t ions  a 8  w e l l  a s  c i r cad ian  cyc les  i n  s u s c e p t i b i l i t y  t o  environmental  

agent8  have been mapped f o r  t h e  l abora to ry  mouse, Halberg ( 9 ) .  Approxi- 

mations of  phase maps have a l s o  been made f o r  man based on ex tens ive  



c ros8 - sec t iona l  d a t a  published i n  the  l i terature,  Aschoff (2)* 

on human c i r c a d i a n  cyc le8  were usua l ly  obtained under poorly c o n t r o l l e d  

cond i t ions  and few rhythm8 of phys io logica l  func t ions  were s tud ied  simul- 

taneous ly  on very  f e w  sub jec t s .  It  is q u i t e  obvious that the  establish- 

ment of phase r e l a t i o n s h i p  of c i r cad ian  c y c l e s  of phys io log ica l  f u n c t i o n s  

i n  man r e q u i r e s  the simultaneous s tudy of many d i f f e r e n t  func t ion8  i n  

ind iv idua l&,  because of t h e  w e l l  known l a r g e  ind iv idua l  v a r i a t i o n s  i n  

man (31, 5 ) .  

These data 
i 

Ind iv idua l  t r a i t s  of s u b j e c t s  l i v i n g  toge the r  in a cons tan t  environ- 

ment may produce i n t e r a c t i o n s  80 as t o  in f luence  synchroniza t ion  of cyc les .  

If ,  f o r  example, a s u b j e c t  who is used t o  being f u l l y  awake and a l e r t  

e a r l y  i n  the Morning l ives c l o s e l y  w i t h  a l a t e  awakener adap t ive  procesaes  

i n  the temporal organiza t ion  of t he  l a t t e r  i n d i v i d u a l  might be dominated 

by the former. 

To a n m e r  some of these and other  ques t iona ,  an experiment was 

de8igned t o  monitor a l a r g e r  number of cyc le8  of  p h y i o l o g i c a l  f u n c t i o n s  

s i m l t a n e o u ~ l y  i n  two s u b j e c t s  du r ing  confinement i n  a cons t an t  environ-  

ment and tlra ts aehliure performance changes. 

It thould be entph8Eized a t  t h e  outrret that the purpolre of such a 

atudy n e c e a ~ i t r t c s  a methodological approach wherein the i n t e r a c t i o n  (co- 

var i ance )  Batmen many organ func t ions  wi th in  t h e  same person is d e l i n e a t e d  

over  time. 

a 

Although t h e  accumulation of an  enormous amount of s imul taneour ly  

recorded one-minute-data a l lows  f o r  the i d e n t i f i c a t i o n  of p r i n c i p l e s  of 

temporal organiza t ion ,  it poses obviouu p r a c t i c a l  l i m i t a t i o n s  on the 
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number of 8 u b j e c t s  which can be atudied. 

Thia i a  i n  c o n t r a s t  t o  t he  more w i d e l y  accepted methodological approach 

i n  which t h e  average response of a l a rge  group of  s u b j e c t  i s  measured. 

is u s u a l l y  accomplished by computing the s t a t i s t i c 8  f o r  a l i m i t e d  number 

of  f u n c t i o n s  meaaured a t  l a r g e r  time i n t e r v a l s .  

a 8  oppoaed t o  t he  in t r a -pe r sona l  approach used i n  t h i s  experiment empha8izes 

average v a r i a t i o n  and between-person d i f f e r e n c e s  over time, while  t he  

l a t t e r  approach empharizer between-procea8 co-var ia t  ions w i t h i n  the  rame 

perron mer a given time 8pan. (18, 2 9 )  

T h i s  

T h i s  so c a l l e d  normative 

In r h o r t  t h e  normative approach empharizea the average re rponre  and 

p r e d i c t a b i l i t y  of t h e  reaponrer  of I aample of arubjecta t o  a given r e t  of 

cond t t ion r ,  w h i l e  t h e  in t ra -personal  approach i a  d i r e c t e d  more towards the 

e l u c i d a t i o n  of t h e  na tu re  of the  &ocesaea involved. 

For t h e  purpoae of t h i s  paper t h e  poa i t i on  ha8 been taken twt the 

l a t t e r  inqormation i a  important  t o  d i f f e r e n t i a t e  e s s e n t i a l  from u n e s s e n t i a l  

parameters ,  p a r t i c u l a r l y  & such r e l a t i v e l y  unexplored r e s e a r c h  a rea .  

s tudy  of a few ind iv idua l8  i n  dep th  was therefore t h e  method of choice,  

which t(ll8 supported by cons ide ra t ion  o f  pos8ib le  a p p l i c a t i o n  of these data 

t o  apace f l i g h t  e m d i t f e n t  involving few Ind iv idua l8 ,  

Methodat 

The 

The p e r l o n a l i t y  aabOslll~ent of t h e  two s u b j e c t 8  was accomplished by 
1, 

mean8 of the Minnesota Mult iphasic  Pe r sona l i ty  Inventory  (MI), one of 

the  most thoroughly v a l i d a t e d  ob j e c t i v e  d i a g n o s t i c  tests c u r r e n t l y  i n  use 

(10). B r i e f l y ,  t he  ques t ionna i r e  c o n s i s t s  of 566 True-False items, which 

have been e m p i r i c a l l y  grouped i n t o  ten major s c a l e s ,  t h e  abbrevia ted  labels 
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f o r  which a r e  the  column headings f o r  t h e  psychograms dep ic t ed  i n  Figa 1, 

- - - - - - - - - - - -  
Fig, 1 about here - - - - - - - - - - - -  

These s c a l e s  a r e :  Hypochondriasis ( H s ) ,  exaggerated a n x i e t y  
concern about one's h e a l t h ;  Depression ( D ) ,  f e e l i n g s  of 
worthlessness  and hopelessness;  Hyster ia  (Hy),  iqcidence 
of  a i lmen t s  such as headaches which have no phys ica l  bas i s ;  
Psychopathic Deviation (Pd), a n t i s o c i a l  and amoral conduct; 
Masculinity-feminity (Mf), measure of masculine (As opposed 
t o  feminine) i n t e r e s t s ,  values and emotional t r a i t s ;  Paranoia 
(Pa),  suspiciousness  of o t h e r s  motives based upon i r r a t i o n a l  
bel iefs  and a t t i t u d e s ;  Psychoasthenia ( P t ) ,  i r r a t i o n a l  com- 
p u l s i v e  a c t s  and obsessive thoughts;  Schizophrenia (Sc), 
withdrawal t r ends  o f t e n  w i t h  h a l l u c i n a t o r y  and b i z a r r e  a s p e c t s ;  
Hypomania (Ma), i r r a t i o n a l  e l a t i o n  and exci tement;  S o c i a l  
In t rove r s ion  (S i ) ,  avoidance of s o c i a l  c o n t a c t s ,  Three 
a d d i t i o n a l  s c a l e s  were scored; the L, K, and F s c a l e s  which 
measure the  tendency t o  suppress  or r e p r e s s  responses sug- 
g e s t i n g  t h e  presence of  undesirable  t r a i t s  whi le  admi t t i ng  
responses i n d i c a t i v e  of  desirable c h a r a c t e r i s t i c s ,  

A comparison of  the T-score ( l e f t  column i n  Fig. 1) p r o f i l e s  for 

s u b j e c t s  G and D i n  Fig. 1 suggest the fo l lowing  s t a t emen t s :  

1. 
high K-score c o r r e c t i o n s  argue t h a t  bo th  s u b j e c t s  were highly 
cooperat ive,  marked the responses c a r e f u l l y  and f a b r i c a t e d  
responses  minimally, i f  a t  a l l .  I n  s h o r t ,  these f i n d i n g s  
argue f o r  the high v a l i d i t y  o f  t h e  obtained s u b t e s t  s c o r e s  
for  bo th  s u b j e c t s ,  though perhaps more so f o r  G than f o r  D, 

The low L and F s c a l e  sco res  coupled w i t h  the r e l a t i v e l y  

2. The so-cal led MMPI "neurotic t r i a d "  as i nd ica t ed  by 
t r a i t  p a t t e r n s  on t h e  first three scales, HI, D and Hy 
i n d i c a t e d  d i f f e r e n t  p e r s o n a l i t y  syndromes f o r  t he  two men, 
For example, G demonstrated more i n t e n s e  a n x i e t y  sysmptoms 
w i t h  exaggerated concern about aches and pain$, D, on the  
other hand, showed r a t h e r  marked d e p r e s s i v e  t r e n d s  a s  
compared t o  G. 

3. D ' s  i n t e r e s t s ,  va lues  and modes of emotional expres s ion  
tended t o  be much more masculine than those  of  s u b j e c t  G a s  
i n d i c a t e d  by the  p r o f i l e  d i f f e r e n c e s  f o r  t h e  M f  s u b t e s t  
s co res .  

4. On t h e  o t h e r  hand, G was a p p a r e n t l y  more s u s p i c i o u s  and 
tended t o  ques t ion  o t h e r s  motives, f o r  example reasons f o r  

4 



t ak ing  t h e  va r ious  measurements, a t t i t u d e s  of  experimenters 
toward s u b j e c t s  and SO on, (Note p r o f i l e  d i f f e r e n c e 5  in 
Paranoia (Pa) dimension). 

5 .  
t r e n d s  allowing f o r  the  guarded p r e d i c t i o n  t h $ t  he would be 
more exac t ing  i n  ca r ry ing  mt i n s t r u c t i o n s  necessary f o r  
ob ta in ing  the  da ta  throughout the experiment ( P t  s co re  in 
Fig. 1). 

S imi l a r ly ,  G showed more obsessive-compulqive p e r s o n a l i t y  

6. Moreover G would be expected t o  demonstrate more o v e r t  
e x c i t a b i l i t y  and emotional i ty  (Ma s c o r e )  y e t  w i t h  p e r i o d i c  
excursions i n t o  a more detached even a u t i s t i c  "world", 
poss ib ly  a s  8 defense mechanism a*d a t  r educ t ion  of the 
a n x i e t y  aroused by t h e  s o c i a l l y  (aM 8 p a t i a l l y ) r e s t r i c t e d  

' i?nvil'onment. 

In b r i e f ,  whi le  n e i t h e r  of the  ,PIMP1 t r a i t  p r o f i l e s  f o r  t h e  two 

s u b j e c t s  showed pa tho log ica l  d e v i a t i o n s  d i f f e r e n c e s  i n  p e r s o n a l i t y  t r a i t  

p a t t e r n s  were de l inea ted .  These d i f f e r e n c e s  w i l l  be re-examined 1 4 t e r  on 

i n  the paper i n  the  context  of  d i f f e r e n t i a l  phys io log ica l  response t o  the  

absence of environmental p e r i o d i c i t i e s .  

E n v h m w n t a l  Chamber 

A c l ima t i zed  "pressure-al t i tude chamber" was used t o  provide a 

cons t an t  environment (Fig, 21, Temperature was r egu la t ed  by a thermistor-  

a c t i v a t e d  p n e u m t i c  instrument contrs%fing.a  heating-cooling g l y c o l  system 

t o  the cbmber, and maintained a t  27.C 2.1.. 

q o n t r a l l e d  by a l)peumatically a c t i v a t e d  vent-valve. 

t i a l  prcrsure gauge, referenced t o  a cons tan t  p re s su re  source9 provided 8 

=+point s i g n a l  t o  the c o n t r o l l i n g  instrument.  The chamber p re s su re  was 

held a t  30.560 inches o f  mercury within a s t anda rd  d e v i a t i o n  of -004 

inche8. The chamber was continuously v e n t i l a t e d  w i t h  100 l i t e r s / m i n  

provided by a l u b r i c a n t - f r e e  a i r  pumpe 

pneumatically c o n t r o l l e d  chemical d r i e r .  I l l umina t ion  was s e t  a t  30-foot 

5 

Baromatric p r e s s u r e  wa8 

A s e n s i t i v e  d i f f e r e n -  

h 

Huqidfty was kept  a t  30%?5% by a 



e 

cand les  dur ing  the s u b j e c t s '  day and dur ing  t h e  n igh t  reduced t o  about 

3-foot candles .  Communication through the  chamber was by (1) one-way 

audio  ou t  of the chamber, ( 2 )  audio code i n t o  the  chamber, and ( 3 )  

medical-lock w r i t t e n  messages, No measurements of magnetic or e l e c t r i c  

f ie lds  w i t h i n  the  chamber were made dur ing  t h e  experiment. 

Phys io logica l  Data Acquis j t ion  - 
The fol lowing v a r i a b l e s  were cont inuously monitored on each 

s u b j e c t :  (1) core temperature ( r e c t a l ) ,  ( 2 )  su r face  temperature 

(upper arm), ( 3 )  basa l  s k i n  r e s i s t ance  (palm), ( 4 )  EEG ( o c c i p i t a l ) ,  

( 5 )  r e l ~ p i r a t i o n ,  and ( 6 )  EKG. The s u b j e c t s  wore an FM-FM type 

te lemet ry  v e s t .  

o u t s i d e  the  chamber f o r  prel iminary reduct ion  and recording.  The core  

The raw d a t a  were received $t a c e n t r a l  l o c a t i o n  

and s u r f a c e  temperatures  and the  basa l  s k i n  r e s i s t a n c e s  were d i r e c t  

ana log  s i g n a l s  which passed through low pass  f i l t e r s  before  being 

converted t o  d i g i t a l  form and recorded on s t anda rd  IBM ca rds  once 

every minute. 

cps.) were necessary t o  minimize "a l ias ing"  problems dur ing  subsequent 

apectral analyses .  EKG und r e s p i r a t o r y  s i g n a l s  were: (1) converted t o  

minute-rater  and recorded d i g i t a l l y  on c a r d s  once a minute, and (2) 

monitored g r a p h i c a l l y  every  half hour f o r  a d u r a t i o n  of two minutes. 

These l a w  pass  f i l t e rs  (half power f r e e e n c y ,  6(10>'3 

m REG crignrlr were: (1 )  g r a p h i c a l l y  manitmed, as w i t h  EKG signal, every 

half hour, (2) b a s e l i n e  c ros s ings  d i g i t a l l y  recorded every  minute 

( i n d i c a t i o n  of prominent EEG frequency) and (3)  averaged ampli tude 

d i g i t a l l y  recorded every minute (Pig. 3). The enormous amount of 

one minute d a t a  c o l l e c t e d  dur ing  t h i s  s tudy  made i t  necessary t o  
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develop computer programs f o r  the co r rec t ion  of a r t i f a c t s  i n  telementered 

and punched d a t a  and f o r  t h e  a n a l y s i s  of  p e r i o d i c i t i e s  and phase s h i f t s  

of c i r c a d i a n  cycles .  

8-channel te lemetry systems i n  continuoua simultaneous monitoring of 

t he  above l i s t e d  s i x  physiological  f u n c t i o n s  were reported elsewhere (61, 

? 

D e t a i l s  on experiences obtained i n  t h e  use  of 

S p e c t r a l  e s t ima tes  of the frequencies  were based on auto-correla-  

t i o n  a n a l y s i s  of three-day overlapping per iods,  To ob+$Ln a more 

a c c u r a t e  a n a l y s i s  of p e r i o d i c i t l e a  i n  the  range of 24 hours and phase 

r e l a t i o n s h i p s ,  t h e  d a t a  were c ross -co r re l a t ed  w i t h  a synthesized 24-hour 

s inuso id  of  known amplitude and phase, Th i s  a n a l y s i s  was a l s o  based on 

three-day overlapping per iods.  A d e t a i l e d  account of t h e s e  method8 has 

been given elsewhere ( 7 ) .  

Urine samples were co l l ec t ed  a t  three-hour i n t e r v a l s  and analyzed 

f o r  e l e c t r o l y t e s ,  t o t a l  n i t rogen ,  ammonia, u r i c  ac id ,  and 17 -ke tos t e ro idsC  

Moreover, c i r c a d i a n  cyc le s  o f  s a l i v a r y  e x c r e t i o n  and of lung f u n c t i o n s  

were i n v e s t i g a t e d  and the  r e s u l t s  of  t he  l a t t e r  a r e  r epor t ed  elsewhere (231, 

Three psychomotor measures were obtained: (1) handsteadiness  was 

measured by means of a standard Stylus-in-hole instrument,  ( 2 )  us ing  t h e  

same instrument, accuracy of eye-hand coord ina t ion  was obtained i n  a 

s e q u e n t i a l  ( IO-tr ia l )  aiming s e r i e s ,  and (3 )  two-hand coord ina t ion  was 

h. measured by means of a bi-manual tapping t a sk .  A l l  of these measures 

have been u t i l i z e d  i n  previous r e sea rch  involving confinement of sub- 

mariners  (30). P r a c t i c e d  t o  a plateau p r i o r  t o  t h e  confinement, t he  

s u b j e c t s  were i n s t r u c t e d  t o  perform t h e  t a sk6  once upon a r i s i n g  and once 

be fo re  r e t i r i n g  f o r  a s l e e p i n g  period exceeding f o u r  hours. F l i c k e r  
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f u s i o n  threshold was determined 3-4 times d a i l y  us ing  a Krasno-Ivy 

t f l i c k e r  photometer, 

RESULTS 

Sub jec t ive  Experiences. 

Both s u b j e c t s  had worked on the p repa ra t ion  of the experiment f o r  

many weeks. They had made f o r  example s e v e r a l  s e t s  of t h e  s p e c i a l  

electrodes which were used during the  experiment, and had c a a r i e d  but 

numerous tests w i t h  t h e  t e l eme t ry  equipment. 

highly motivated t o  succeed and were mwt happy t o  be involved An something 

they conqidered important and f a sc ina t ing ,  which a l s o  had SOT a p p l i c a t i o n  

i n  the medical f i e l d .  The two medical s t u d e n t s  rssumed the  ro&e of 

i n v e s t i g a t o r - s u b j e c t s  i n  t h e  experiment. 

They Were cons@qu+ntPy 

They happened t o  be opposi te  types both i n  c o n s t i t u t i o n  and 

p e r s o n a l i t y  c h a r a c t e r i s t i c s  ( see  Fig. 1 MMPI). One 8ubjCct (G) wa$ 

smll of s t a t u r e  w i t h  r a t h e r  prominent e x t r o v e r t i v o  tendencfrw, He waa 

t a l k a t i v e  and tended t o  be hyperactivg i n  lawt instanc-. T M  o the r  

s u b j e c t  (D) was very t a l l ,  slow i n  h i e  movement$, q u i t e  itselemd and he 

t a lked  v e r y  l i t t l e .  

During t h e  experiment t hey  had long conve r sa t ions  and came to know 

each other q u i t e  w e l l .  I s o l a t i o n  appa.rently.affected .that .two. s u b j e c t s  i n  . - 

F, an a p p o s i t e  manner. For example, as t h e  experiment progressed it was 

observed that G ' s  normally, s t rong ly  pzonounced, e b u l l i e n c e  and sen re  of 

humor d e c l i n e s  w h i l e  D's u s u a l l y  reserved p e r s o n a l i t y  became mor4 a c t i v e  

and outgoing and he f e l t  he was much more humorous than befosa. 
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Quite dPss imi l a r  s l e e p  wakefulness cyc le s  were a l s o  observed f o r  

t h e  two s u b j e c t s .  D was not an e a r l y  morning r iser.  He reaches o r d i n a r i l y  

h i s  maximum a l a i t n e a s  i n  t h e  l a t e r  morning, while G was an e a r l y  riser, 
9 

who is f u l l y  awake, when he g e t s  up. During i s o l a t i o n  they gained the 

impression t h a t  t h e i r  d i u r n a l  changes i n  "a l e r tnes s"  and "s leepiness"  

f l a t t e n e d  out  t o  a medium l e v e l  between being completely r e f r e shed  and 

ready t o  go and exhausted and welcoming s l e e p .  Subject  D found it  easier 

t o  r ise  i n  the morning and was r e a l l y  not  " a l l  in'' a t  n i g h t  when the 

time came t o  re t i re ,  Both s u b j e c t s  d i d  no t  fee l  tha t  t he i r  sleep wake- 

f u l n e s s  cyc le  had been a t  a l l  d i s tu rbed  du r ing  the i s o l a t i o n  period. 

They d i d  not  wake up a t  any t i m e  during t h e i r  r e g u l a r  s l e e p i n g  hourq 

d u r i n g  the ib;olation. But they both experienced s l e e p  d i s tu rbances  

a f t e r  the i r  r ap id  t r a n q i t i o n  t o  normal c lock t h e  i n  t h e  recovery period. 

One s u b j e c t  (D) woke up a f t e r  only t h r e e  hours sleep a t  t he  time he 

would have awakened du r ing  i s o l a t i o n  and was n o t  a b l e  t o  go back t o  

s l eep .  

The sub jec t$  t r i e d  t o  maintain a normal l e v e l  of phys i ca l  a c t i v i t y  
b 

b u t  probably d i d  not  g e t  q u i t e  a s  much e x e r c i s e  a s  they u s u a l l y  had, 

T h e i r  appetite decrca8ed during i s o l a t i o n ,  b u t  t hey  d i d  not  loqe any 

weight.  They did n e t  have any d i f f i c u l t i e s  coord ina t ing  meal times, 

beaus t  t hey  were usually thinking the "same thing." 

Average Dai ly  Physiological  Values. 

Average d a i l y  va lues  of  r e s p i r a t o r y  ra te  and pu l se  r a t e  and body 

temperature c a l c u l a t e d  from recordings obtained a t  15-minute i n t e r v a l s  

throughout t h e  experiment w i t h  an Offner 12-channel o s c i l l o g r a p h  a r e  

presented i n  Table 1, Sub jec t  G showed a higher pu l se  r a t e  and 

9 



r e s p i r a t i o n  r a t e  dur ing  the  whole experimental  per iod.  I s o l a t i o n  
m 

I r e s u l t e d  i n  a decrease  Of t h e  r e s p i r a t o r y  rate i n  both  s u b j e c t s  but  

did n o t  s i g n i f i c a n t l y  a f f e c t  pu lse  r a t e  or body temperature.  

Subjec t  G exh ib i t ed  a smaller  e x c r e t i o n  r a t e  of a l l  subs tances  

measured al though h i s  u r i n a r y  volume was somewhat higher  du r ing  the  

c o n t r o l  period (Table 2 ) .  I s o l a t i o n  d i d  not  cause any s i g n i f i c a n t  

change8 w i t h  t he  except ion of the 17-ke tos te ro id  exc re t ion ,  which 

decreased i n  one s u b j e c t  (GI and increased i n  the  o the r  s u b j e c t  (D). 

It should be noted, that n e i t h e r  calcium e x c r e t i o n  nor t o t a l  n i t rogen  

e x c r e t i o n  changed s i g n i f i c a n t l y  i n  both s u b j e c t 8  du r ing  the  i s o l a t i o n  

per iod  which i n d i c a t e s  t h a t  a n o r m 1  a c t i v i t y  l e v e l  was maintained. 

During t h e  three-day recovery per iod  u r i n a r y  volume, 17-ke tos te ro id  

exc re t ion ,  calcium, t o t a l  n i t rogen  and ammonia e x c r e t i o n  dec l ined  i n  

s u b j e c t  D who exhibited the  s t r e u s  respon8e dur ing  i s o l a t i o n ,  while  u r i c  

a c i d  exc re t ion  f e l l  narkedly i n  both s u b j e c t s ,  Average d a i l y  va lues  of 

s a l i v a r y  c o n s t i t u e n t s  d id  no t  change du r ing  i s o l a t i o n  (Table  31, 

Sleep Wakefulness Cycles and Cycles of Phys io log ica l  Functioning. 

Figure 4 s h m  t h e  s h i f t  i n  t he  s l e e p  wakefulness cyc le  du r ing  

isolttim i n  a eonatant  environment. The bars r e p r e s e n t  t o t a l  d a i l y  

a c t i v i t y  i n d i c a t i n g  the times of g e t t i n g  up and going t o  bed a s  we l l  

1 a8 mer1 t&n#s. These times are the  Itme f o r  bo th  8 U b j e C t 8 ,  The average 

d a i l y  p e r i o d i c i t y  ca l cu la t ed  from the  t imes of awakening du r ing  the  

e i g h t  days of i s o l a t i o n  was 2 5 , 7  hours. 

shif ted on t h e  average 1 -75  hours per  day acr088 the l o c a l  c lock  time, 

The s l e e p  wakefulness cyc le  
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After e i g h t  days of i s o l a t i o n  the mbjects go t  up t o  2200 ins t ead  of 

0800 and were 14 hours off the  l o c a l  c lock time. 

per iod,  t h e  s u b j e c t s  re turned wi th in  a day t o  their  normal schedule by 

i n c r e a s i n g  their  a c t i v i t y  per iod to 33,5 hours,  

Following the i s o l a t i o n  

Data on body temperature, pulse ra te  of bo th  s u b j e c t s  shown i n  

Figs.  5 ,  6 ,  and 7 a r e  based on records obtained a t  15-minute i n t e r v a l s  

w i t h  a 12-channel Offner Oscil lograph. The b l ack  b a r s  denote the 

s l e e p i n g  pe r iods  which move during the i s o l a t i o n  per iod a c r o s s  t he  l o c a l  

c lock t i m e .  

p e r i o d i c i t i e s  a s  i nd ica t ed  i n  their  "free running" of  the l o c a l  clock 

time. 

synchronized w i t h  t h e  s l e e p  wakefulness cycle  d u r i n g  the  s h i f t ,  which 

was confirmed by c r o s s  c o r r e l a t i o n s  a n a l y s i s  based on cont inuously 

recorded minute-by-minute data .  (See below) 

The d a i l y  curves  of  t h e  two f u n c t i o n s  e x h i b i t  c i r c a d i a n  

The c y c l e s  of body temperature, and pu l se  r a t e  appear t o  remain 

The position of t h e  minima of  body temperature,  pulse  r a t e  c y c l e s  

remains a s soc ia t ed  w i t h  t h e  s leeping per iod throughout t h e  experiment 

w i t h  t h e  exception of the second and t h i r d  day of recovery. 

these two days both s u b j e c t s  showed a n  Pnversion of  body temperature 

which inercaaed d u r i n g  s l eep .  

3 A.M. and m8 wide awake, which never happened t o  him before  a t  t h i s  

hour. 

During 

One r u b j e c t  (D) noted that he woke up a t  

He had d i f f i c u l t y  going back t o  s l e e p .  

During t h e  c o n t r o l  days t h e  s u b j e c t s  began t o  take naps i n  the 

af ternoon which show up as troughs 

body temperature (Figs.  5 ,  6 ,  7 ) .  

From the second t o  the f i f t h  

i n  t h e  d a i l y  curves  of  pu l se  ra te  and 

T h i s  is more pronounced i n  Sub jec t  De 

day of the i s o l a t i o n  per iod the t roughs 
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i n  the pu l se  r a t e  curve8 dur ing  the  waking hour8 become i n c r e a s i n g l y  

l a r g e r  r e s u l t i n g  i n  the sepa ra t ion  of two maxima, one e a r l y  a f t e r  awaken- 

i n g  and one l a t e r  i n  t h e  day. These changes 8eem t o  r e f l e c t  t h e  occur- 

rence on 12 hour cyc les .  During the subsequent t h r e e  days of i s o l a t i o n  

the t roughs  d isappear  l eav ing  one maximum i n  the e a r l y  hours a f t e r  

awakeniqg which amounts t o  a backward8 8h i f t  of the normal pul8e r a t e  

maximum. 

During t h e  3-day recovery period fo l lowing  i s o l a t i o n  the trough6 

appear  aga in  i n *  d a i l y  pulse r a t e  curves  i n d i c a t i n g  a r e t u r n  05 a 

pronounced 12 hour p e r i o d i c i t y .  These impression8 gained by v i s u a l  

i n s p e c t i o n  were cor robora ted  by 8ubsequent power spectrum analyses .  

One-minute data averaged over a 15-minute i n t e r v a l  were used for the 

computer ana ly8i8  of p e r i o d i c i t y  and phaae s h i f t s .  

8uch d a t a  a r e  p l o t t e d  f o r  f o u r  func t ion8  of s u b j e c t  G du r ing  the l a 8 t  

c o n t r o l  day p r i o r  t o  i s o l a t i o n  and dur ing  the seventh  day  of i 8 o l a t i o n .  

The dotted area8 r e p r e r e n t  the  s l eep ing  pe r iod ,  

(Fig. 8 )  r e s p i r a t o r y  r a t e ,  pu lse  r a t e  and body temperature  show a 

marked fall i n  the e a r l y  part of  t h e  s l e e p i n g  per iod  reaching  a minimum 

dur ing  the utcond p a r t  af s l e e p i n g  the. 

I n  Figure8 8 and 9 

On tb c o n t r o l  day  

The basal Skin reai8aance,  knarm t o  r b e  dur ing  sleep, show8 

changer eppesite ta that of the body temperature  and a t t a i n s  the amxi-  

mum e x a c t l y  a t  t he  time the body temperature reached t h e  minimum. The 

func t ion8  a r e  w e l l  synchronized among e r e h  o t b e r  which is  no t  only 

expres8ed i n  the  behavior  of t h e  c i r cad ian  cyc le8  du r ing  t h e  sleep 
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per iod  bu t  also i n  t h e  apparent  synchrony of f a s t e r  c y c l e s  of 30 minutes 

t o  1 hour dura t ion  throughout t h e  waking hours. 

During the  seventh day of i s o l a t i o n  (Fig. 9)  the func t ions  a r e  less 

c 

synchronized among each o ther .  

p r i o r  t o  the  beginning of the s leeping  per iod  so does t h e  body temperatuc, 

t h e  l a t t e r  i nc reases  aga in  and show8 from then on t he  t y p i c a l  p a t t e r n  of  

a dec rease  dur ing  s leep .  

Respi ra tory  r a t e  reaches  a minimum &st 

Circadian cyc le s  of 6 out  of 9 measured u r i n a r y  func t ions  a r e  shown 

i n  Fig. 10, i n  which t h e  d a t a  o f  t h e  two s u b j e c t s  a r e  p l o t t e d  toge ther .  

The minima of u r i n a r y  exc re t ion  i n  genera l  i n  the  s l e e p i n g  period du r ing  

t h e  s h i f t  of the a l e e p  wakefulness cyc le  i n  t h e i s o l a t i o n  per iod.  

ampl i tudes  of the c i r cad ian  c y c l t s  of a l l  t he  func t ions  a r e  markedly 

l a r g e r  i n  s u b j e c t  D w i t h  the exception of t he  u r i n a r y  volume. 

of the 17-ke tos te ro ids  shows a c h a r a c t e r i s t i c  d i f f e r e n c e  i n  t h e  two 

s u b j e c t s .  The o s c i l l a t i o n s  I n  17-ke tos te ro id  exc re t ion  inc rease  d u r i n g  

t h e  i s o l a t i o n  per iod  i n  sub jec t  D but  decrease  i n  s u b j e c t  G. 

The 

Excre t ion  

Chloride,  sodium and potassium, which were excre ted  i n  l a r g e r  

amounts i n  the u r i n e  by s u b j e c t  D have correspondingly lower l e v e l s  i n  

the s a l i v a  (Pig. 11). However u r i c  a c i d  behaves d i f f e r e n t l y  inasmuch a s  

a higher  u r i n a r y  e x c r e t i o n  i n  Subjec t  D is found t o  be a s s o c i a t e d  w i t h  a 

h igher  s a l i v a  level, 

are  p a r a l l e l e d  by a higher  s a l i v a  flow r a t e .  

measured e x h i b i t  c i r cad ian  c y c l e s  which s h i f t  dur ing  t h e  i s o l a t i o n  w i t h  

t h e  s l e e p  wakefulness cycle .  

'I 
The y g h c r  s a l i v a  e l e c t r o l y t e  l e v e l s  in Sub jec t  G 

All t he  s a l i v a  c o n s t i t u e n t s  
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The Psychomotor Data depicted i n  Fig. 12 also express  l a r g e  individu-  

a l  d i f fe rences .  Subjec t  G had a higher f l i c k e r  fus ion  threshold ,  received 

h igher  hand coord ina t ion  acore8, but demonstrates  less hand s t e a d i n e s s  

than Subjec t  D. Moreover the l a t t e r  performed a t  an even s t eady  l e v e l  

d u r i n g  the day while  t he  former showed l a r g e r  d i u r n a l  v a r i a t i o n s  (morning- 

a f te rnoon)  of the  t e s t  scores .  Both s u b j e c t s  performed i n  gene ra l  b e t t e r  

i n  the af te rnoon than i n  the  morning, however i n  the recovery period t h i s  

sequence was reversed.  

Although the  sub j e c t s  had s u f f i c i e n t  p r a c t i c e  i n  t h e  psychomotor 

testa p r i o r  t o  the  beginning of the experiment so a s  t o  r each  a p l a t eau  

which is c l e a r l y  expressed i n  t h e  hand s t e a d i n e s s  tests of Subjec t  G 

(Fig. 12) .  

P e r i o d i c i t i e s  of Functions 

The mean cyc le  l e n g t h  of the  c i r c a d i a n  c y c l e s  of phys io log ica l  

func t ion  was measured by  c r o s s  c o r r e l a t i o n  of t h e  a u t o c o r r e l a t e d  d a t a  

from a three-day  per iod w i t h  a synthesized 24-hour s inusoid .  Using 

three-day  overlapping periods as a basis f o r  t he  a n a l y s i s ,  measurements 

of the perlodicit ies f o r  t he  ind iv idua l  days  of i s o l a t i o n  were obtained.  

T h i s  method r e p r e s e n t s  a good compromise between reduct ion  i n  accuracy 

(reducing i recommended t e n  day a n a l y s i s  period t o  three days)  and the 

mbmergence of  d a i l y  changes and r e s u l t i n g  loss of  information inhe ren t  

i n  t h e  u s e  of longer  time i n t e r v a l s  f o r  a n a l y s i s  of 24 hour p e r i o d i c i t i e s  ( 7 ) .  

Ddrta on t he  cyc le  l e n g t h  of tk var ious  phys io log ica l  f u n c t i o n s  

obtained w i t h  t h i s  method a r e  presented i n  Table 4 t oge the r  w i t h  t h e  
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s l e e p  wakefulness cyc le  which #as determined from t h e  times t h e  s u b j e c t s  

were g e t t i n g  up du r ing  the  d i f f e r e n t  d a y  of t h e  i s o l a t i o n  per iod.  Due 

t o  t h e  common r o u t i n e  the s l e e p  wakefulness cyc le  was the  same f o r  bo th  

s u b j e c t s .  

Subjec t  D had a s h o r t e r  “physPologica1 day” i n  r e s p i r a t o r y  r a t e ,  

p u l s e  ra te  and core temperature  than Sbb jec t  G and the  cyc le  l e n g t h  of 

these three func t ion8  i n  Subjec t  D wa8 also s i g n i f i c a n t l y  s h o r t e r  than 

t h a t  of t h e  s l e e p  wakefulness cycle common t o  bo th  s u b j e c t s .  The cyc le  

l e n g t h  of 5 out  of  9 u r i n e  func t ions  but  none of t h e  4 s a l i v a  func t ions  

wa8 found t o  be s h o r t e r  i n  Subject  D. 

cignificrfi+ difference5 from thp glrcp wakef i i lnPq  r y r l e  wpre 

observed i n  the  cyc le  l e n g t h  of ur ine  potassium i n  bo th  s u b j e c t s  and 

u r i n e  aadium, u r i n e  calcium, s a l i v a  sodium and potassium e i t h e r  i n  one 

o r  t h e  o t h e r  sub jec t .  

P b s e  S h i f t s  of Ci rcadian  Cycles  dur ing  I s o l a t i o n  

The pha8e shifts  of c i r cad ian  cyc le8  of va r ious  phys io log ica l  

f u n c t i o n s  were a180 determined by c r o s s  c o r r e l a t i o n  a n a l y s i s  w i t h  a 

24-hour synthes ized  s inuso id  (7). 

Circ8diah cyc le s  of r e s p i r a t o r y  rate d i d  n o t  follow the  phase 

s h i f t  of the s l e e p  wakefulness cycle and became c l e a r l y  d i s s o c i a t e d  

i n  both 8ubjccts (Pig, 13). The phrae a h i f t s  of the c y c l e s  of heart 

rate, core  temperature and b a s a l  s k i n  r e s i s t a n c e  remained more o r  l e s s  

synchronized w i t h  t he  phase s h i f t  o f  the s l e e p  wakefulness cyc le  (Fige13, 

14) .  Basal s k i n  r e s i s t a n c e  exhibi ted a temporary backwards s h i f t  dur ing  

the second and t h i r d  day i n  both s u b j e c t s  which was a s s o c i a t e d  w i t h  a 
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markedly s h o r t e r  cycle  l eng th  during these  two days. Subject  D who 

showed a s h o r t e r  mean cyc le  length i n  r e s p i r a t o r y  r a t e ,  pu l se  r a t e  and 

co re  temperature a s  compared w i t h  S u b j e c t  G a l s o  had l e s s e r  phase 

s h i f t s  ( g r e a t e r  de l ay )  i n  t hese  ' t h r e e  f u n c t i o n s  e i t h e r  throughout the 

whole i s o l a t i o n  period of du r ing  t h e  end of the  i s o l a t i o n  per iod.  The 

opposi te  is t r u e  f o r  the phase s h i f t  of c i r c a d i a n  cyc le s  of u r i n e  

func t ions .  Here Subject D e x h i b i t s  i n  gene ra l  a c l o s e r  r e l a t i o n s h i p  

t o  t he  phase s h i f t  of t he  s l e e p  wakefulness cyc le  than Subject  G 

(Fig.  151, I t  should be noted t h a t  t he  phase s h i f t s  of the c i r c a d i a n  

cyc le s  of a l l  t he  u r i n e  func t ions  o f  h n t h  s ~ b j e c t s  x e r ~  Ciuseiy cor- 

r e l a t e d  w i t h  t h e  s h i f t  of  t h e  s l e e p  wakefulness cycle  f o r  5 days and 

then became d i s s o c i a t e d  w i t h  t h e  exception of t he  u r i c  ac id  cycle .  

The phase s h i f t  i n  the s a l i v a  cyc le s  d id  not  show the same t r end  i n  a 

c o n s i s t e n t  manner, 

Effect  of I s o l a t i o n  on the  Amplitudes of  C i rcad ian  Cycles,  

The amplitude (d i f f e rence  between d a i l y  minimum and maximum) of 

t he  c i r c a d i a n  cyc le s  of r e s p i r a t o r y  r a t e  and pulse r a t e  d i d  no t  change 

i n  bo th  s u b j e c t s  du r ing  i s o l a t i o n  (Table 5). The amplitude of t h e  

core  temperature cyc le  decreased only i n  Sub jec t  G, who was found t o  

have l a r g e r  amplitudes i n  the c i r cad ian  c y c l e s  of a l l  t h r e e  func t ions .  

He a l s o  showed l a r g e r  d i u r n a l  (morning-afternoon) d i f f e r e n c e s  i n  t h e  

tes t  s c o r e s  of t h e  performance tests (Table 5 ) .  However, it should be 

noted t h a t  amplitude i n  the c i r cad ian  cyc le s  of most u r i n a r y  f u n c t i o n s  

were sma l l e r  i n  Sub jec t  G (Fig,  10). 



Power Spectrum Analysis.  

Variance s p e c t r a l  amplitudes obtained by power s p e c t r a l  a n a l y s i s  of 

a u t o c o r r e l a t e d  d a t a  from t h r e e  day w e r - l a p p i n g  pe r iods  (10) a r e  shown 

f o r  f o u r  func t ions  of Subject  D h  Figure 16, 

days of i s o l a t i o n ,  t h e  amplitude of t he  24 hour frequency component 

dec reases  while  t h a t  of t h e  12 hour frequency component i nc reases  and 

becomes dominant i n  r e s p i r a t o r y  r a t e ,  pulse  ra te  and b a s a l  s k i n  r e -  

s i s t a n c e  of Subject  D.  During the l a s t  t h r e e  days of i s o l a t i o n  the 

24 hour frequency component again becomes more pronounced but dec reases  

In the f i r s t  f o u r  t o  f i v e  

~ g r i ~  Itcrifig the C ~ C C V ~ Z ~  2 e = i d e  The CGZG t e ~ p ~ ~ k t e ~ e  s;iaivJ a dil- 

f e r e n t  p a t t e r n ,  

du r ing  the Past  t h r e e  days of i s o l a t i o n  a s soc ia t ed  w i t h  a p r e c i p i t o u s  

d e c l i n e  Pn the  24 hour frequency component, 

The 12 hour frequency component i n c r e a s e s  more s t r o n g l y  

The higher f requencies  w i t h  cycle  l eng ths  of 6 hours and 2 hours 

a r e  pronounced i n  t h e  s p e c t r a  of r e s p i r a t o r y  r a t e  and b a s i c  skin resist- 

ance but  not  i n  those of h e a r t  r a t e  and core temperature,  The 6 hour 

frequency seems to play a r o l e  i n  the adjustment t o  and recovery from 

I s o l a t i o n  for the  r e s p i r a t o r y  r a t e  in Subject  D, because of t h e  promi- 

nence of t h i s  frequency component during the f i r s t  t w o  days of  i s o l a t i o n  

and the first day of recovery.  Figure 1 7  shows the  va r i ance  s p e c t r a l  

ampli tudes of r e s p i r a t o r y  r a t e  and pulse  r a t e  of Subject  G ,  I s o l a t i o n  

a f fec ts  the frequency p a t t e r n  i n  a s i m i l a r  way a s  in Subject  D.  During 

t h e  first 5 days of i s o l a t i o n  the 12 hour frequency component i nc reases  

i n  bo th  f u n c t i o n s  and becomes more prominent than t h e  24 hour component 
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i n  r e s p i r a t o r y  r a t e  and reaches a near equal  d e n s i t y  w i t h  the 24 hour I 

frequency component i n  pulse  ra te ,  

perfod,  the  12 hour frequency Is t h e  dominant frequency i n  the  pulse  rate 

During the  f i rs t  day of the recovery 

spectrum which corresponds e x a c t l j  w i t h  the frequency p a t t e r n  of Sub jec t  

D. (Fig.  IS) and w i t h  t he  changes observed i n  d a i l y  pu l se  r a t e  curves of  

Fig. 7. 

Power spectrum a n a l y s i s  o f  u r i n a r y  and s a l i v a  cyc le s  d i d  no t  r e v e a l  

predominance of  12 hour and 6 hour frequency components a t  any time dur ing  

t h e  i s o l a t i o n  period probably due t o  the f a c t ,  t h a t  samples were not  

c o l l e c t e d  a t  s u f f i c i e n t l y  f requent  time i n t e r v a l s .  

DISCUSS ION 

The term "'constant environment" used i n  t h i s  paper denotes  an 

envhonment i n  which l i g h t  i n t e n s i t y ,  temperature, barometric pressure,  

humidity and noise  l e v e l  were con t ro l l ed  as  c l o s e l y  a s  poss ib l e .  For a l l  

prackicali purposes a n e a r l y  constant environment was achieved. However 

no effort-% have been made t0 elfminate  s u b t l e  environmental i n f luences  

s u c h  a s  magnetic and e l e c t r i c  f i e l d s  which according t o  Brown (4)  might 

be f e spsne ib Ie  f o r  o r i g i n  and maintenance of cycles .  I t  was no t  the 

purpsee of this i n v e s t i g a t i o n  to  bear on t h i s  quest ion.  

Confinement d id  not have any s i g n i f i c a n t  systematic  e f f e c t  i n  both 

subjects  on performance l e v e l s ,  weight and o the r  b a s i c  phys io log ica l  

f u n c t i o n s  (average d a i l y  va lues )  w i t h  t h e  except ion of  the r e s p i r a t o r y  

rate, which decreased. 

The r e s p i r a t o r y  func t ion  is d i s t ingu i shed  from the  o the r  f u n c t i o n s  

measured in as much as it can be influenced consciously by t h e  s u b j e c t  
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and is d i r e c t l y  connected w i t h  t h e  environment. The r educ t ion  i n  sensory 

impressions during i s o l a t i o n  appears t o  be the most l i k e l y  cause of the 

decrease i n  r e s p i r a t o r y  r a t e .  

The otherwise negat ive f indings are i n  l i n e  w i t h  those r e c e n t l y  

r epor t ed  on confinement of 4 sub jec t s  f o r  28 days i n  a L i f e  Support 

System Evaluator  which d i d  not a f f e c t  body weight, water and n u t r i e n t  

balance,  b a s i c  h a e m t o l o g i c a l  and phys io log ica l  parameters. ( 2 8 )  

However t h e  two s u b j e c t s  responded t o  i s o l a t i o n  w i t h  opposi te  

metabolic stress reac t ions .  One reacted w i t h  a decreased and the o the r  

w i t h  an increased 1 7  k e t o s t e r o i d  excret ion.  These phy~ielegipz1 r e  

a c t i o n s  corresponded w i t h  t h e  sub jec t ive  experiences,  namely, t ha t  t h e  

normally outward d i r e c t e d  type became more withdrawn while the o t h e r  

normally reserved and withdrawn type became more a c t i v e  and outwardly 

d i r e c t e d .  T h i s  simply means that a "constant environment" is something 

d i f f e r e n t  f o r  d i f f e r e n t  s u b j e c t s  depending how h i s  "normal" r e l a t i o n s h i p  

w i t h  h i s  environment is. In o the r  words, there does not  seem t o  be a 

n e u t r a l  environment, but  r a t h e r  a person develops a s p e c i f i c  r e l a t i o n -  

s h i p  t o  the environment. 

Ind iv idua  1 Tr a i t s 
k The word type is used here i n  t h e  sense of i nd iv idua l  t r a i t .  It 

is n o t  our purpose t o  become concerned w i t h  human tfTypestf of a typo log ica l  

system a s  proposed by Kretschmer (15) nor: w i t h  the types more r e c e n t l y  

desc r ibed  by Schreider  ( 2 5 )  a s  " b i o s t a t i s t i c a l  categories ."  As can be 

seen from t h i s  s tudy of c i r c a d i a n  cycles, t h e  human o rgan iza t ion  i s  

much t o o  complex t o  f i t  e a s i l y  i n t o  t y p o l o g i c a l  systems p a r t i c u l a r  s i n c e  

very l i t t l e  has been done on r e l a t i o n s  between types and phys io log ica l  
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fun c t i  on I. 
With these  r e s e r v a t i o n s  an a n a l y s i s  of the ind iv idua l  t r a i t s  of t h e  

two s u b j e c t s  i s  attempted. The two c o n s t i t u t i o n a l l y  d i f f e r e n t  types have 

been i n i t i a l l y  cha rac t e r i zed  i n  regard t o  their  p e r s o n a l i t i e s  as  outwardly 

d i r e c t e d  and reserved more inwardly d i r e c t e d  p e r s o n a l i t i e s .  Subject  G. , 
who has a small body b u i l d  and who i n  d a i l y  l i k e  is geared t o  quick 

dec i s ions ,  a c t i o n s  and f a s t e r  t a l k  showed a l s o  a b e t t e r  sense percept ion 

and hand coordinat ion.  H i s  d a i l y  v a r i a t i o n s  i n  performance t e s t  s c o r e s  

and h i s  c i r c a d i a n  cyc le s  of  body temperature, r e s p i r a t o r y  r a t e  and h e a r t  

r a t e  show an i n t e r e s t i n g  r e l a t i o n  i n  as  much as  bo th  exhibi t  l a r g e r  

d i u r n n l  o s c i l l a t i o n s .  

and ac ts  s lowly and determined and a p t  t o  s a y  very l i t t l e  showed a lesser 

senso ry  c a p a c i t y  and hand coordinat ion.  

a remarkable hand s t ead iness ,  a s teady l e v e l  of  performance s c o r e s  du r ing  

t h e  day and smaller amplitudes of t h e  c i r c a d i a n  c y c l e s  of r e s p i r a t o r y  

r a t e ,  pu l se  r a t e  and co re  temperature. One should perhaps expect t h a t  

t he  cyc le s  of  u r i n a r y  f u n c t i o n s  w o u l d  correspond w i t h  t h i s  p a t t e r n .  But 

here  we f i n d  j u s t  t he  opposi te  behavior. 

cycle6 of most of the u r i n a r y  func t ions  are markedly l a r g e r  i n  Subject  D 

than in Subject G. 

c o n s t i t u e n t s  is concerned t h e  p a t t e r n  is  aga in  reversed. The lower l e v e l  

of s a l i v a r y  c o n s t i t u e n t s  i n  Subject D and the l e s s e r  amplitudes could be 

considered t o  be a consequence o f  t he  g r e a t e r  u r i n a r y  exc re t ion .  

Subject  D., on the o the r  hand, who is v e r y  t a l l  

He is f u r t h e r  cha rac t e r i zed  by 

The amplitudes of  the c i r c a d i a n  

And a s  f a r  as t h e  c i r c a d i a n  cycles of t he  s a l i v a r y  

These f i n d i n g s  i n d i c a t e  that  the two p e r s o n a l i t y  types  have a 

d i s t i n c t  p a t t e r n  of  temporal organizat ion of phys io log ica l  f u n c t i o n s  a t  
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d i f f e r e n t  l e v e l s .  

and underscores  a s ta tement  made s e v e r a l  years  ago t h a t  t h e  s t u d i e s  of 

phy8io logica l  cyc le s  demonstrate how "ant iquated the convent ional  meaning 

of phys io log ica l  concepts  l i k e  homeostasis and s teady  s t a t e s  have become." 

I t  a t t e s t s  t o  the  complexity of t h e  human organiza t ion  

(24 1 

I n  our f i n d i n g s  on two s u b j e c t s  showing a r e l a t i o n  between personal-  

t y  type and temporal organiza t ion  a r e  confirmed on a s i z e a b l e  number of 

s u b j e c t s  by s i m i l a r  i n v e s t i g a t i o n s  us ing  an approach i n  depth,  t he  

rhythm8 of f u n c t i o n s  might t u r n  out t o  be the  i n t e r f a c e  of phys io log ica l  

.. .. and psychnl n g i r r l  C ~ C C ~ S ' E O Z ! .  

recognizes  a t  once the need f o r  the development of new concepts  which a r e  

reaponsive t o  t h e  dynamics of  both phys io logica l  and psychological  

proce88es. The Minnesota Multiphase P e r s o n a l i t y  Inventory (MMPI) had 

been r o u t i n e l y  used i n  t h i s  labora tory .  The r e s u l t s  of t he  t e s t  p a t t e r n  

a n a l y a i s  i n  gene ra l  confirmed the  o v e r t  d i f f e r e n c e s  i n  t h e  p e r s o n a l i t y  

type of t he  two s u b j e c t s  and e s t ab l i shed  o b j e c t i v e l y  t h e  e x i s t e n c e  of 

two d i s t i n c t l y  d i f f e r e n t  pe r sona l i ty  t r a i t  con f igu ra t ions .  However, 

p e r s o n a l i t y  tests of  t h i s  kind gene ra l ly  do no t  provide h igh ly  v a l i d  

p r e d i c t i v e  r e l a t i o n s h i p s  t o  phys io logica l  responses.  In  f a c t ,  no 

significant c o r r e l a t i o n s  between MMPI t r a i t  p a t t e r n s  and phys io log ica l  

measures were found i n  a comprehensive s tudy  involv ing  38 8 u b v r i n e r s  ( 8 ) .  

T h i s  then is t he  problem; both psychological  and phys io log ica l  a t t empt s  

t o  c l a s s i f y  men i n t o  a few ca t egor i e s  (Types) have not  been s u c c e s s f u l  

i n  e s t a b l i s h i n g  c l e a r l y  pronounced c o r r e l a t i o n s  between phys io log ica l  

I:: ~ ~ = s L d e z i i i g  t h i s  p " u s i t i i L s y  one 
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and psychological  d a t a  of average f u n c t i o n a l  l e v e l s .  S tud ie s  of the 

temporal organizat ion of  i nd iv idua l s  w i l l  probably provide more s e n s i t i v e  

i n d i c a  t o r s .  

I n t e r a c t i o n  o f  Sub jec t s  du r ing  the I s o l a t i o n  Period, 

The observat ions nmde on the two s u b j e c t s  ra ise  some obvious 

ques t ions  about the i r  i n t e r a c t i o n  du r ing  i s o l a t i o n .  How is  it poss ib l e ,  

t h a t  two d i f f e r e n t  p e r s o n a l i t y  types w i t h  so d i s t i n c t l y  d i f f e r e n t  

temporal o rgan iza t ions  could coordinate  t h e i r  a c t i v i t i e s  so w e l l ?  How 

could they  f i n d  an easy  agreement on s leeping,  waking and meal times, 

when one is an e a r l y  riser and the o the r  one a l a t e  awakener? 

A cursory eva lua t ion  of  t h e  e x i s t i n g  r e l a t i o n s h i p  of c y c l e s  of 

some phys io log ica l  f u n c t i o n s  and the time ofawakening was made by  calcu- 

l a t i n g  the time i n t e r v a l  between beginning rise (from minimum d u r i n g  

s l e e p )  of body temperature and pulse r a t e  and beginning f a l l  (from maxi- 

mum du r ing  s l e e p )  of b a s a l  s k i n  r e s i s t a n c e  and moment of awakening. 

During t h e  c o n t r o l  per iod t h e  average time i n t e r v a l  of the three func- 

t i o n s  i n  the o rde r  l i s t e d  above were: (1) 75 and 23 min., (2) 56 and 

32 min., (3) 35 and 7 min, for s u b j e c t s  G and D. These f i n d i n g s  

i n d i c a t e  that t h e  phase change from t h e  n i g h t l y  minimum t o  t h e  faorning 

rise occurred in both s u b j e c t s  approximately during t h e  l a s t  hour of  

s l e e p  and was indeed e a r l i e r  i n  Subject G who claimed t o  be an e a r l y  

riser. During i s o l a t i o n  these phase changes moved towards the e a r l i e r  

hours of Bleep i n  both s u b j e c t s .  The time i n t e r v a l s  were: (1) 283 and 

354 min., (2) 106 and 177 min., (3) 30 and 20 min. f o r  s u b j e c t s  G and D. 
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The l e n g t h  of the c i r c a d i a n  cyc le s  of body temperature,  pulse  r a t e ,  

and basal s k i n  r e s i s t a n c e  were found t o  be somewhat s h o r t e r  than that of 

the s l e e p  wakefulness cyc le  i n  b o t h  s u b j e c t s ,  b u t  more pronounced i n  

S u b j e c t  D (Table 4) .  

be delayed compared w i t h  t h a t  of the s l e e p  wakefulness cyc le  (Figs.13 and 

14) r e s u l t i n g  i n  t h e  observed movement o f  the minima of phys io log ica l  

f u n c t i o n s  t o  t h e  e a r l y  hours of sleep. 

temperature and pulse  r a t e  cyc le s  is g r e a t e r  i n  Sub jec t  D because the 

average l e n g t h  o f  t h e  c i r c a d i a n  cycles  is s h o r t e r  i n  Subject D than i n  

Sub jec t  G (Table 4).  As a consequence, t h e  normally l a t e  awakening 

S u b j e c t  D become8 d u r i n g  the  i s o l a t i o n  per iod an "Early Riser" i n  regard 

t o  t he  behavior of t h e  c y c l e s  of physiological  func t ions .  

su rpasses  i n  t h i s  r e s p e c t  Subject G. I t  is understandable  t ha t  under 

these circumstances the  two s u b j e c t s  were able t o  coordinate  t h e i r  

a c t i v i t i e s  f a i r l y  w e l l .  Moreover the observed d i s c r e p a n c i e s  in t h e  

phase s h i f t s  of  the s l e e p  wakefulness cyc le  and the c i r c a d i a n  c y c l e s  of 

organ f u n c t i o n s  can e x p l a i n  f ind ings  i n d i c a t i n g  that  the  average dep th  

of  s l e e p  as measured by BEG s t a g e s  decreased du r ing  i s o l a t i o n  i n  bo th  

s u b j e c t s .  

i n  a s e p a r a t e  communication. 

afternoon naps, which were r e f l e c t e d  i n  t h e  r eco rds  of EEG, b a s a l  s k i n  

r e s i s t ance . and  body temperature.  

naps was made based on the  evaluat ion of  t h e s e  records,  

naptime of Subject  G and D were: 

The phase s h i f t s  of  the former should t h e r e f o r e  

The d e l a y  i n  phase s h i f t s  of  body 

He even 

D e t a i l s  on c i r c a d i a n  cycles  and EEG p a t t e r n  w i l l  be presented 

Both s u b j e c t s  had t h e  habit  of t ak ing  

An e s t i m a t i o n  of the d u r a t i o n  of t h e s e  

The average 

(1) c o n t r o l  period - 103 and 117 min.; 

( 2 )  i s o l a t i o n  per iod - 212 and 121  min.; ( 3 )  recovery per iod - 208 and 
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110 min. Sub jec t  D, who reac ted  t o  i s o l a t i o n  w i t h  an increased keto- 

s t e r o i d  exc re t ion  and experienced a g e n e r a l  s t i m u l a t i o n  d i d  n o t  change 

h i s  af ternoon s l eep ing  time while  the o t h e r  s u b j e c t  having a decreased 

k e t o s t e r o i d  exc re t ion  and a f e e l i n g  of letdown lengthened h i s  a f t e rnoon  

naps b y  a f a c t o r  of 2 .  

The information obtained i n  t h i s  r a t h e r  s h o r t  i s o l a t i o n  experiment 

w i t h  two s u b j e c t s  on cyc le  v a r i a t i o n s ,  t h a t  make up the  normal background 

of  a person and the in f luence  of cyc le s  on i n t e r a c t i o n  and s u c c e s s f u l  

coord ina t ion  of a c t i v i t i e s  suggests  the  u s e f u l n e s s  of p r e - f l i g h t  i s o l a t i o n  

t e s t e  f o r  a s t ronau t s .  The Russian6 d i d  such tes t s  on t h e i r  cosmonauts 

Nikolayev and Popovich p r i o r  t o  t h e i r  f i rs t  group f l i g h t  i n t o  ou te r  

space (27). They r epor t ed  t h a t  both cosmonauts had d i s t i n c t  i n d i v i d u a l  

p a t t e r n s  i n  the s l e e p  wakefulness cycle.  Nikolayev i n i t i a l l y  experienced 

d i f f i c u l t y  i n  waking u p  independently, however by the  end of t he  expe r i -  

ment, he began t o  wake up p r e c i s e l y  on schedule,  probably due to  the 

phase s h i f t  i n  cyc le s  of body funct ions.  

Synchronization and Desynchronization of C i rcad ian  Cycles. 

In the  p rev ious ly  r epor t ed  s tud ies  on f r e e  running rhythms under 

c o n d i t i o n s  of  a constant  environment (1, 2 6 ,  21) only few f u x t i o n s  were 

i n v e s t i g a t e d  and consequently l i t t l e  information is  a v a i l a b l e  on synchro- 

n i z a t i o n  and t r a n s i e n t  d i s s o c i a t i o n  of  c y c l e s  of d i f f e r e n t  organ systems (22). 

This  r e p o r t  con ta ins  the f i r s t  continuous observat ion on c i r c a d i a n  

c y c l e s  of r e s p i r a t o r y  r a t e ,  pu l se  r a t e  and s k i n  r e s i s t a n c e  under c o n d i t i o n s  

of  a cons t an t  environment. The cyc le s  of r e s p i r a t o r y  r a t e  were found t o  

be c l e a r l y  d i s s o c i a t e d  from the  s l e e p  wakefulness cycle  a s  i nd ica t ed  i n  
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t h e  minimal phase s h i f t s  during i s o l a t i o n ,  

r e s i s t a n c e  remain c l o s e l y  synchronized while core  temperature shows i n  

both s u b j e c t s  a considerable  l a g  i n  phase s h i f t .  The d i s s o c i a t i o n  of 

t h e  c y c l e s  of r e s p i r a t o r y  r a t e  2s i n  c o n t r a s t  t o  the s imultaneously 

s t u d i e d  cyc le s  of o t h e r  lung func t ions  such a s  v i t a l  c a p a c i t y  i n s p i r a t o r y  

Pulse  r a t e  and b a s i c  s k i n  

and e x p i r a t o r y  capac i ty ,  maximal i n s p i r a t o r y  and e x p i r a t o r y  f l o w  r a t e s ,  

a l l  o f  which remain synchronized w i t h  the  s l e e p  wakefulness cyc le  s h i f t  (23). 

The rhythm of u r i n e  potassium e x c r e t i o n  which %s known t o  show a 

p e r s i s t e n c e  of  the  i n t r i n s i c  24 hour p a t t e r n  under d i f f e r e n t  experimental  

t i m e  schedules  (16) a l s o  e x h i b i t s  i n  t h i s  experiment i n  bo th  s u b j e c t s ,  a 

cyc le  l e n g t h  c l o s e  t o  24 hours, which 1s s i g n i f i c a n t l y  d i f f e r e n t  from the 

25.75 hour rhythm of t o t a l  d a i l y  periodHcHty. The t rend of  most of the 

u r i n e  rhythms t o  d i s s o c i a t e  from t h e  s h i f t  of s l e e p  wakefulness cyc le  

a f t e r  5 days of i s o l a t i o n  4s d i f f i c u l t  to i n t e r p r e t  without  having ad- 

d i t i o n a l  d a t a  from experiments w i t h  longer  i s o l a t i o n  p e r i d s s .  The u r i c  

a c i d  rhythm of  the  u r i n e  s t a n d s  out as being most clcseely synchronized 

w i t h  t h e  s l e e p  wakefulness cycle.  

Role of  Cycles w i t h  Higher Frequencies, 

In  t h e  previous s t u d i e s  o f  free running rhythm i n  man c y c l e s  of 

higher f r e q u e n c i e s  (12 hours and 6 hours) have not  been i n v e s t i g a t e d .  

Power spectrum a n a l y s i s  of d a t a  obtained a t  one minute i n t e r v a l s  showed 

i n  a l l  cases ,  t ha t  t he  12 hour frequency component becomes, d u r i n g  the 

i s o l a t i o n  period, temporar i ly  a predominant frequency. Th i s  is c l e a r l y  

expressed i n  t he  h e a r t  r a t e .  It could be conceivable t h a t  the 12 hour 

25 



rhythms is a r t i f i c i a l l y  introduced by t h e  h a b i t  of the s u b j e c t s  t o  take  

naps--in the  a f te rnoon.  B u t  they took these  naps throughout the  whole 

experimental  per iod du r ing  which the 12 hour f requency component f irst  

increased  i n  i n t e n s i t y  du r ing  the f i r s t  5 days of i s o l a t i o n  then  decreased 

d u r i n g  the subsequent 3 days of i s o l a t i o n  and aga in  increased  d u r i n g  the 

f i rs t  day of recovery.  

The observed changes i n  t h e  12 hour f requency component must, the re -  

fo re ,  be indendent of t h e  habit of tak ing  naps. The appearance of domi- 

dan t  12 hour frequency components in the  beginning of t he  i s o l a t i o n  period 

and i n  the beginning of t he  recovery seems t o  i n d i c a t e  that  they  p l ay  

a r o l e  i n  the adjustment Of t he  temporal o rgan iza t ion  t o  the l o s s  of 

normally present  environmental  time g i v e r s ,  a8  w e l l  a s  i n  the r e -e s t ab l i sh -  

ment of 8ynchronizat ion wi th the  environmental t i m e  g i v e r s  on r e t u r n  from 

free running condi t ions .  

Menzel, Blume and v. Schroeder ( 2 0 )  a l s o  repor ted  the  occurence 

of 12 hour c y c l e s  i n  body temperature and u r i n a r y  exc re t ion  d u r i n g  the 

recovery from a h e p a t i t i s  based on a phase and amplitude diagram a n a l y s i s ( 3 ) .  

These f i n d i n g s  (Fig. 9-a-f, pp.256/257) showing a temporary predominance 

of 12 hour c y c l e s  a r e  q u i t e  s i m i l a r  t o  those demonstrated i n  our expe r i -  

ment i n  t w o  hea l thy  s u b j e c t s  dur ing  t h e  a d j u s t i n g  t o  i s o l a t i o n .  The 

c l e a r l y  def ined  changes i n  24 hour p e r i o d i c i t i e s  found under o u x  expe r i -  

mental cond i t ions  might t h e r e f o r e  serve as  a m o d e l  for p e r i o d i c i t y  changes 

observed i n  t h e  c l i n i c . '  

Change i n  t h e  s t r e n g t h  of 6 hour f r equenc ie s  pronounced i n  r e s p i r a -  

t o r y  r a t e  of both s u b j e c t s  sugges t  that t h e  whole spectrum of f r equenc ie s  
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is af fec ted  when t h e  environmental  c i r cad ian  time g i v e r s  a r e  excluded. 

The temporary predominance Of f a s t e r  cyc le s  (5-7 hour f requency band) 

i n  the  p e r i o d i c i t y  spectrum is reminiscent of a p e r s i s t e n t  predominance 

of 6-9 hour cyc le s  i n  u r i n a r y  excre t ion  which have been descr ibed  by 

Menzel (19) a s  a form of c i r c a d i a n  pathology i n  r e n a l  d i s e a s e .  

case  t h e  pa tho log ica l  process  seems t o  have a d i r e c t  e f f e c t  on the  

c i r c a d i a n  rhythm which breaks down i n t o  f a s t e r  c y c l i c  components. The 

l a t t e r  might r ep resen t  t he  b a s i c  components from which the  25 hour 

c i r c a d i a n  c y c l e s  a r e  synchronized r equ i r ing  a mature hea l thy  organ. 

Thi8  no t ion  is supported by i n v e s t i g a t i o n s  of t he  development of s l e e p  

wakefulness cycle8 i n  infan t8 ,  which demonstrated tha t  monophasic 

( c i r c a d i a n )  rhythm8 develop from polyphasic ( f a s t e r  3-6 hour rhythms) 

d u r i n g  e a r l y  infancy,  Kleitman and Engelmann (14, Hellbrcgge (11). 

Polypha8ic rhythms of water excre t ion  were a180 observed by Lobban (17) 

i n  a small group of human s u b j e c t s  i n  response t o  exposure t o  continuous 

d a y l i g h t  d u r i n g  a journey i n  t h e  Arc t i c  Summer. 

rhythm8 became completely disorganized when the  s u b j e c t s  were exposed t o  

the cont inuous d a y l i g h t ,  t he  u r i n e  potassium e x c r e t i o n  r e t a i n e d  i ts  

normal w e l l  def ined  24 hour rhythm demonstrat ing i ts  independence of 

In  t h i s  

While t h e  water  exc re t ion  

environmental  

Cycle8 

r e p l a c i n g  t h e  

inf luences .  

w i t h  higher f requencies  m y  appear wi thout  dominating o r  

c i r c a d i a n  cyc le s .  Hildebrandt (12) found 12, 8 ,  and 6 

hour cyc le s  superimposed on t h e  24 hour cyc le  of pulse  r a t e ,  r e s p i r a t o r y  

r a t e  and v i t a l  capac i ty  i n  two hea l thy  s u b j e c t s  du r ing  6 days  of bedres t .  

He concluded t h a t  t hese  higher  f requencies  a r e  " r eac t ive  p e r i o d i c i t i e s "  
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occurr ing  i n  response t o  t h e  environnental  time g i v e r s  s i n c e  they  show 

the l a r g e s t  ampli tudes i n  t h e  morning a f t e r  awakening and f l a t t e n  ou t  

d u r i n g  t h e  subsequent day and n igh t  hours. 

Although the  d i f f e r e n t  organ systems show d i f f e r e n t  " r eac t ion  

p e r i o d i c i t i e s " ,  t h e y  a l l  appear t o  be sub-mult iples  of t he  24-hour 

spontaneous p e r i o d i c i t y .  This sugges ts  an e x i s t i n g  coord ina t ion  of 

" r eac t ive  and spontaneous p e r i o d i c i t i e s "  w i th in  the framework of t he  

t o t a l  temporal organiza t ion  which could account f o r  a m p l i f i c a t i o n  o r  

damping e f f e c t s  depending on t h e  phase of t he  spontaneous cyc le  (12). 

Our f i n d i n g s  seem t o  support  t h e  not ion of " r eac t ive  sub-multiple 

p e r i o d i c i t i e s "  of the 24-hour rhythms s i n c e  they  become temporar i ly  

predominant i n  response t o  t h e  loss and r t -es tabl i8hment  of environ-  

mental time g ive r s .  However, f u r t h e r  i s o l a t i o n  experiments a r e  requi red  

t o  demonstrate whether t h i s  is a genera l  response or  whether o t h e r  sub- 

j e c t s  showing, under normal condi t ions ,  a more pronounced s t r e n g t h  of 

24-hour p e r i o d i c i t i e s  i n  t h e  power spectrum a n a l y s i s  of phys io log ica l  

f u n c t i o n s  would not  respond i n  t h i s  mnner .  
* 

In  reviewing t h e  r e s u l t s  of t h i s  i s o l a t i o n  experiment one is 

s t r u c k  by the c o n t r a s t  of t he  mult i tude of observed changes i n  the  

temporal o rgan iza t ion  o f  the two s u b j e c t s  and the p a u c i t y  of changes 

i n  t he  average d a i l y  da t a ,  which stresses the  importance of s t u d i e s  of  

cyc les .  

28 



ACKNOWLEDGMENTS 

The authors express the ir  gratitude to  the subjects  for t h e i r  

e x c e l l e n t  motivation and cooperation, and t o  Mrs. Nancy McCabe, Mr. M. 

Jacey, Miss E. Jordan, Mrs. A .  Parker, Mrs. J. Withers for  performing 

analyses  of urine and sa lva  samples and asais tance  i n  the s t a t i s t i c a l  

compu t a  t ions. 

29 



REFERENCES 

4. 

5 .  

6. 

7. 

8 .  

9 .  

10. 

11. 

Aschoff, J. and R. Wever. Spontanperiadik des Menschen bei 
Aussachluss a l l e r  Ze i tgeber ,  Naturnissenschaften 15 : 337-342, 1962. 

Aschoff, J. S ign i f i cance  of c i r cad ian  rhythms f o r  space f l i g h t .  
Proc. Third I n t e r n a t i o n a l  Symposium, Ed. T. C. Bedwell, Jr. and H. 
Strughold.  San Antonio, 1964. 

Blume, T. Nachweis von Perioden durch  Phasen-und. Amplituden-- 
d i a g r a m ,  m i t  Anwendungen an8 der Biologie ,  Medizin and Psychologie,  
Forsch, ber, de8 Landes. Nordthein-Estfalen 1489, Kgln 1965. 

Brown, Jr., F. A. A u n i f i e d  theory f o r  b i o l o g i c a l  rhythms: 
rhythmic d u p l i c i t y  and t h e  genesis  of "c i rca"  periodisme. CIRCADIAN 
CLOCKS, p. 231-261, North Holland Publ., Amsterdam 1965. 

The Biology o f  Human Variat ion.  Ed. J. Brozek, Annals of t he  
New York Academy of Sciences.  134: 497-1066, 1966. 

Clegg, B. R. and K. E. Schaefer. "Studies  of c i r c a d i a n  c y c l e s  i n  
human s u b j e c t s  du r ing  prolonged i s o l a t i o n  i n  a cons tan t  environ-  
ment u s ing  e i g h t  channel te lemet ry  systems." SMRL Memo Report 64-4. 
Naval Submarine Medical Center, Groton, Conn. 

Clegg, B. R. and K. E. Schaefer.  "Measurement of p e r i o d i c i t y  and 
phase s h i f t  of phys io log ica l  func t ions  i n  i s o l a t i o n  experiments by 
c r o s s - c o r r e l a t i o n  techniques us ing  synthes ized  p e r i o d i c i t i e s . "  
Aerospace Medicine, 37: 271, 1966, ~ . 2 7 1 . ( A b s t r a c t ) .  

Cook, E. A f a c t o r  a n a l y s i s  of personnel  s e l e c t i o n  d a t a :  I n t r a -  
and In t e r - a rea  r e l a t i o n s h i p s  o f  Biochemical, Phys io logica l ,  
Psychologica l  and Anthropometric Measures. USN BUNED Task 
MROO5.14-2101, V. X I ,  No. 26, Dec 1961. 

Halberg, F. Phys io log ica l  24-hour rhythms: A de te rminant  o r  
response t o  environmental  agents .  In: Man's Dependence on the 
q r r t h l y  Atmosphere. Ed. K. E. Schaefer .  MacMillan Company, New 
York, 1962. 

Hathaway, S. R. and J. C. McKinley. The Minnesota Mult iphasic  
P e r s o n a l i t y  Inventory Manual ( r ev i sed  e d i t i o n ) .  New York: 
Psychologica l  Corporat ion.  

Hellbrdgge, T. 
Cold Spr ing  Harbor Symposia on Q u a n t i t a t i v e  Biology. V, 25 
B io log ica l  Clocks, pp.311-323, 1960. 

"The development of c i r c a d i a n  rhythms i n  in fan ts . "  



12. 

13. 

14. 

15 . 
16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Hildebrandt,  G. Reaktive Perioden und Spontanrhythmik. Proc. 7 t h  
I n t e r n a t i o n a l  Conference, Society Study tf  B i t l o g i c a l  Rhythms, 
S iena ,  1960. 

K l e i t m n ,  N. S l eep  and Wakefulness. U n i v e r s i t y  of Chicago Press .  
Chicago, 1939. 

Kleitmn, N. and T, G. Englemann. "Sleep c h a r a c t e r i s t i c s  Of infants ."  
J. Appl. PhySPOP. 6: 269-282, 1953. 

Krctuchmer, E. Koerperbau und Charakter,  J. Springer ,  Be r l in ,  1924. 

Lobban, Mary C. "The entertainment of c i r c a d i a n  rhythms i n  man." 
Cold Spring Harbor Symposia, 25, B io log ica l  C1ocks,l96Oy p.325-332. 

Lobban, M. C. "Dissociation i n  human rhythmic functions." C i rcad ian  
Clocks. Ed. J. Aschoff. Proceedings Fefdsf ing Summer School. 1965 
p. 219-227. 

MeehP, P. E. C l i n i c a l  versus S t a t i s t i c a l  P red ic t ion .  Univ. of Mim-  
nesota Press ,  1954. 

Mtnzcl, W. 
p a t h i c  persons.'? Ann, N.Y. Acad. Scf,, 98:  lOO7-POP7, 1962. 

"Per iodic i ty  i n  u r i n a r y  e x c r e t i o n  i n  hea l thy  and nephro- 

Menzcl, W., F. BPume and F, F. v. S c b o e d e r ,  KPassPfizicrung 
Kl in i sche r  VerPrufe durch PerPcxlinanaPyse. Ze i t s ch r .  Klin. Medizin. 
155: 249-268, 1958, 

M i l l s ,  J. N. 
s o l i t u d e  underground. J. Physiol. (London) 174: 217-231, 1964. 

Circadian rhythms dur ing  and a f t e r  three months i n  

M i l l s ,  J. N. Human Circadian Rhythm, PhysPoP. Reviews, 46: 128- 
171, 1966. 

S c h e f e r ,  K. E. and J. H. Dmgherty, Jr,, " V a r i a b i l i t y  of r e s p i r a -  
t o r y  f u n c t i o n s  based on cfrsadlian cycles." SMRL Report No. 486, 1966. 
U.S .Naval Submarine Medica1 Center, Grs t sn ,  Connecticut. 

Schaefer ,  K,  E. In: Manus Dependence on the E a r t h l y  Atmosphere. 
Preface V I I .  MacMPlPan, New York, 1962. 

Schr ide r ,  E. N. "Typology and Biometrfes," Annal. N,Y. Acad. Sei. 
134: 789-803, 1966. 

S i f f r e ,  M, Hors du Temps. Paria,: J u l l i a r d ,  1963, 



27. Sisakyan, N. M. and v. I. Yazdovskiy. F i r s t  Group F l i g h t  i n t o  
Outer Sperce. 
272, 1964. 

11-15 Aug 1962, U. S. Dept. of Comm. JBRS. 25, 

28. Smith, IC. T., E. W. Speckmnn, G. M. Homer, W. W. Blanchard, and 
D. W. Dunco. 
E f fec t s  of Confinement on Human Subjects .  Aerospace Medical 
Research Laborator ies ,  Aerospace Medical Division, A i r  Force 
Systems Command, Wright-Patterson A i r  Force Base, Ohio. 

Evaluation of  the Biochemical and Phys io log ica l  

Report 
AMRL-TR- 6 6-2 y 1 96 6. 

29 .  Weybrew, B. B. P a t t e r n s  of  psychophysiological response t o  
m i l i t a r y  stress. I n  Appley, M. and Trumbull, R. ( ed i t s . )  Psycholo- 
g i c a l  S t r e s s :  I s s u e s  i n  Research. Appleton-Century, 1966. 

30. Wejrbrew, B. B. "An exploratory s tudy designed t o  suggest  c l u s t e r s  
of t r a i t s  and assessment tests related t o  submariner adjustment ." 
U. S. Naval Medical Research Laboratory, Report No. 279, 1957. 

31. Williams, R. J. Biochemical Ind iv idua l i t y .  John Wiley & Sons, 
New York, 1956. 



Table 1 

EFFECT OF ISOLATION I N  A CONSTAm ENVIRONMENT ON AVERAGE DAILY 
VALUES OF RESPIRATORY RATE, PULSE RATE AND BODY TEMPERATURE 

Respiratory 
Rate 

Pulse Rate 

Body Tem- 
pera t u r e  

Control Period 
4 day8 

Subj.D Sub j.G 

Mean* 20.8 21.3 
S.D. .7 1.5 

Mean 62.5 70.5 
S.D. 3.3 1.5 

Mean 27,s 37.0 
S.D. 02 02 

I s o l a t i o n  Period Recovery Period 

Subj.D Sub j .G Sub j.D Sub j . G  
8 day8 3 days 

19.4** 19.5** 20.4 20.0 
.4 .6 .1 1.6 

61,l  68.5 67.0 70.7 
3.1 2.8 1.8 1.0 

37.5 37.2 37.6 37.3 
.I .I .1 .I 

* Daily mean8 are  bacled on 96 value8 (15 min. recordings) 
** Differen t  from controls 8t the 5% l eve l  and b e t t e r  



Table 2 

EFFECT OF ISOLATION I N  A CONSTANT ENVIRONMENT 
ON AVERAGE DAILY URINARY EXCRETION 

Control period I so la t ion  period Recovery period 

Subj.D Subj.G Subj.D Subj. G Subj.D Subj. G. 
(4 days) (8 days) (3  days) 

1) U r i n a r y  Mean 59.30 68.85 62.55 51.53 40.04** 60.25 
Volume S.D. 19.55 13.45 13.66 8.64 8.51 4.60 
ml/hour 

2) 17-Keto- Mean 1.68 1.30 2.45* 1.03* 1.44** .82 
s t e r o i d s  S.D. .42 . 12 . 54 .22 .37 -16 
mg/hou r 

3) Sodium Mean 9.98 8.64 8.45 7.66 6.66 5.83 
mEqFour S .D. 4.36 3.14 1.98 . 83 1.44 . 94 

4) Potassium Mean 3.55 2.80 3.25 2.17 2.14 3.37 
mEq/hour S .D . 045 1.08 . 58 022 .60 1.63 

5)  Chloride Mean 10.05 7.96 7.71 7.36 6.73 5.84 
mEq/hour S.D. 4.23 2.41 2.30 1.17 .70 1.19 

6) Calcium Mean . 37 043 .50 .52 .22** .55 
mg/hour S . D . .17 . 02 .18 -16 .04 . 42 

7) Tota l  Mean 99.3 78.9 122.4 87.5 71.3** 98.5 
Nitrogen S.D. 21.5 3.3 32.0 17.9 14.7 41.8 

8 )  Ammonia Mean 24.5 12 02 25.4 17.6 14.2** 15.0 
mgFour S .D . 5.7 3.6 4.7 4.0 2 .4 6.2 

9) Ur i c  Acid Mean 70.6 36.6 42.6 32.9 14.5"" 14.1** 
mg/hour S.D. 33.1 I .  8.5 3.8 7.7 5.2 4.1 

*Iso la t ion  da ta :  S t a t i s t i c a l l y  d i f f e r e n t  from con t ro l s  a t  5% l e v e l  and 

S t a t i s t i c a l l y  d i f f e r e n t  from da ta  obtained during the 
b e t t e r  . 

**Recovery da ta :  
cont ro l  and the  i s o l a t i o n  period a t  5% l e v e l  and better. 



Table 3 

EFFECT OF ISOLATION I N  A CONSTANT ENVIRONMENT ON 
AVERAGE DAILY VALUES OF SALIVERY CONSTITUENTS 

Control period 
4 days 

Sub j .D Sub j.G 

Mean 12.5 18.2 
S.D. 1.2 1.6 

Mean 12.8 18.4 
S.D. 3.5 3.4 

Mean 18.3 26.1 
S.D. 08 1.4 

Mean 3.61 2.90 
S.D. .33 .07 

I so l a t ion  period 
8 days 

Subj.D Subj. G 

18.5 26.0 
.8 1.0 

3.77 2.89 
.50 .96 

* S t a t i a t i c a l l y  d i f f e r e n t  from cont ro ls  a t  
l e v e l  and b e t t e r  

Recovery period 
3 days 

Sub3.D 

13.9 
2 02 

13.2 
2.0 

17.1 
09 

3.37 
0 37 

5% 

Subj.G 

23.8* 
.9 

19.3 
.8 

23.8 
.Z 

2 .O8 . 38 



Table 4 

MEAN LENGTH (HR) OF THE "PHYSI0LX)GICAL DAY" 4 s  INDICATED 
I N  CYCLE LENGTH OF VARIOUS PHYSIOLOGICAL FUNCTIONS 

DURING EIGHT DAYS OF ISOLATION I N  A CONSTANT ENVIRONMENT 

Subject G Subject D 

Sleep-wakefulness 
cyc le  (morning) 25.75 - + 0.78 25.75 - + 0.78 

24.5 + 1.4 24.0 - + .9 *(.01) - Respiratory r a t e  

Pulse r a t e  25.0 + 1.1 - 23.5 + 1.7 *(,01) - 
23.7 + .8 *(.01) 24.6 - + 1.2 - Core temperature 

Ba8al skin resi8tance 23.9 - + 3.7 24.7 - + 3.6 

U r i n e  volume 

U r i n e  sodium 

U r i n e  potassium 

U r i n e  chlor ide 

24.4 + 2.18 - 24.8 - + 1.30 

25.10 - + 1.47 24.3 - + 1-24 *(.OS) 

24.70 - + .44 *(.01) 24.0 - + .78 *(.001) 

25.0 - + 1.60 24.5 - + 1.42 

24.9 + 2.41 
L 

24.70 + 1.69 - U r i n e  17-keto8teroid 

Urine t o t a l  ni t rogen 24.0 - + 1.77 25.4 - + 1.28 

U r i n e  calcium 

Urine ammonia 

Uric ac id  

Sal iva sodium 

23.8 + 1.32 *(.01) 26.9 + 4.45 

24.7 - + 1.68 

- - 
25.2 + -95 - 
24.6 + 2.27 24.6 - + 3.58 - 

26.7 + 3.4 - 25.1 + 1.3 - Sal iva  chlor ide 

Sal iva potassium 

Sal iva  u r i c  ac id  

24.0 + 1.4 *(.001) 25.4 + 1.8 

24.6 + 1.6 24.2 + 2.7 

- - 
- - 

Number of ob8ervations - 8 

sleep-wakefulness cycle 
P values a r e  l i s t e d  in parenthesis  

* S t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  from average lengths  of 



Table 5 

EFFECT OF ISOLATION I N  A CONSTANT ENVIRONMENT ON AVERAGE 
DAILY AMPLITUDE OF CIRCADIAN CYCLES 08 RESPIRATORY RATE, 

VARIATIONS OF PERFORMANCE TEST SCORES 
PULSE RATE, BODY TEMPERATURE, AND AVERAGE DAILY 

Control period I so l a t ion  period Recovery period 
4 days 8 days 3 days 

14 + 5.5 - 10 + 2.7 - 1.Respir.a- Subj.D 13 2 1.2 
t o r y  ra te  

+ 4.2 - Subj.G 15 - + 1.0 15 + 3.9 15 - 
2. 

3. 

4. 

5 .  

47 + 11.8 - Pulse Subj.D 43 2 4.6 46 - + 7.6 
Rate 

+ 3.8 
c 

Subj.G 52 - + 10.4 52 + 12.5 52 - 

1.05 + ,23*C Body tern-Sub2.D 1.08 + .15'C 1.05 + .23OC 
pera ture  
i n  "C Subj.C 1.54 - + .17OC 1.18 - + .15"C 1,18 - + .l2OC 

- - - 

Hand Sub j .D 
s t ead i -  
n e s s  Subj.G 

Hand Sub j .D 
Coordi- 
na t ion  Subj.G 

6 - + 6 (6) 

17 - + 19 (6) 

27 - + 26 (6) 



LEGENDS 

Comparison of MMPI score p r o f i l e s  f o r  Sub jec t s  G and D. Figure 1. 

Figure 2. Schematic diagram of the c l ima t i zed  p res su re  a l t i t u d e  chamber 
used f o r  i s o l a t i o n  experiments i n  a cons t an t  environment. 

Figure 3. Schematic diagram of the telemetry data a c q u i s i t i o n  system. 

Figure 4. S h i f t  i n  t o t a l  d a i l y  p e r i o d i c i t y  (sleep-wavefulness cyc le )  
of  two s u b j e c t s  du r ing  i s o l a t i o n  i n  a cons t an t  environment. 
Average d a i l y  p e r i o d i c i t y  25.75 hours measured a t  t he  time 
of  awakening. 

Figure 5 .  Circad ian  p e r i o d i c i t y  of body temperature of  two s u b j e c t s  
du r ing  i s o l a t i o n  i n  a constant  environment. (Control per iod 
and f irst  fou r  days of i s o l a t i o n ) .  Based on recordings 
made a t  15 minute i n t e r v a l s .  

Figure 6. Circadian p e r i o d i c i t y  of body temperatuxe of two s u b j e c t s  
du r ing  i s o l a t i o n  i n  a constant environment. ( F i f t h  t o  n i n t h  
day of i s o l a t i o n  and subsequent t h r e e  day recovery period), 
Based on recordings made a t  15 minute i n t e r v a l s ,  

F i p u r e  7. Circadian p e r i o d i c i t y  of pu l se  r a t e , o f  two s u b j e c t s  during 
i s o l a t i o n  i n  a constant  environment. Based on r eco rd ings  
made a t  15 minute i n t e r v a l s .  

Figure 8. Simultaneous records of r e s p i r a t o r y  r a t e ,  pulse  ra te ,  b a s a l  
s k i n  r e s i s t a n c e  and core temperature.  Data recorded a t  one 
minute i n t e r v a l s  and smoothed by moving average over 15 
p o i n t s  (15 minutes). St ippled a r e a  - s l e e p i n g  period, l i g h t s  
out.  Last  c o n t r o l  day p r i o r  t o  i s o l a t i o n .  Subj. G. 

Figure 9 .  Simultaneous r eco rds  of r e s p i r a t o r y  r a t e ,  pu l se  ra te ,  b a s a l  
s k i n  r e s i s t a n c e  and core temperature.  Data recorded a t  one 
minute i n t e r v a l s  and smoothed by moving average over 15 
p o i n t s  (15 minutes). S t ipp led  a r e a  - s l e e p i n g  period, l i g h t s  
out. Subj. G. Seventh day of  i s o l a t i o n .  

Figure 10. Circadian c y c l e s  of  u r ina ry  e x c r e t i o n  i n  two s u b j e c t s  du r ing  
i s o l a t i o n  i n  a constant  environment. (Urine volume, sodium 
potassium, ch lo r ide ,  u r i c  acid and 17 k e t o s t e r o i d s ,  1 

Figure 11. Circadian cyc le s  of  s a l i v a  c o n s t i t u e n t s  and flow r a t e  i n  two 
s u b j e c t s  du r ing  i s o l a t i o n  i n  a cons tan t  environment, Note 
t h a t  s u b j e c t  D, whose u r ina ry  e x c r e t i o n  was higher,  shows 
lower l e v e l s  of s a l i v a  sodium, potassium and ch lo r ide .  



Figure 12. Psychomotor d a t a  of two s u b j e c t s  du r ing  i s o l a t i o n  i n  a 
constant  environment. (Scores of hand s t e a d i n e s s  t e s t s ,  
aiming t e s t s ,  hand coordinat ion and d a t a  on f l i c k e r  f u s i o n  
thresholds . )  

Figure 13. Phase s h i f t s  of c i r cad ian  cyc le s  of r e s p i r a t o r y  r a t e  and 
h e a r t  r a t e  of two s u b j e c t s  du r ing  i s o l a t i o n  i n  a cons t an t  
environment. Based on c ross -co r re l a t ion  a n a l y s i s  w i t h  
s yn t he8 ized 24- hour s inusoids  

Figure 14. Phase s h i f t s  o f  c i r cad ian  c y c l e s  of  core  temperature and 
b a s a l  s k i n  r e s i s t a n c e  of two s u b j e c t s  during i s o l a t i o n  i n  
a cons t an t  environment. Based on c r o s s - c o r r e l a t i o n  a n a l y s i s  
w i t h  synthesized 24-hour s inuso ids .  

Figure 15 Phase s h i f t s  of c i r cad ian  cyc le s  of u r i n e  f u n c t i o n s  (u r ine  
volume, sodium, potassium, c h l o r i d e ,  1 7  k e t o s t e r o i d s ,  t o t a l  
n i t rogen ,  u r i c  a c i d )  i n  two s u b j e c t s  du r ing  i s o l a t i o n  I n  a 
cons t an t  environment. Based on cross-correla  t i o n  a n a l y s i s  
w i t h  synthesized 24-hour s inuso ids .  

Figure 16. Spectrum e s t i m a t e s  o f  r e s p i r a t o r y  r a t e ,  pulse  r a t e ,  core  
temperature and b a s a l  skin r e s i s t a n c e  of Subj. D du r ing  
i s o l a t i o n  i n  a -constant  environment. The i n d i v i d u a l  
f r equenc ie s  l i s t e d  a c t u a l l y  r ep resen t  frequency bands. 
Four frequency ranges 1) black ba r s ,  24 hours equal  f r e -  
quency band 20-36 hours, 2 )  white  ba r s ,  12 hours equal  
frequency band 11-14 hours, 3 )  c r o s s  hatched b a r s ,  6 hours 
equal  frequency band 5.7-6.5 hours, 4 )  s t i p p l e d  bars ,  2 
hours equal  frequency band 1.95-2.05 hours. 

Figure 17. Spectrum e s t i m a t e s  of  r e s p i r a t o r y  r a t e  and pulse  ra te  of 
Subj. G during i s o l a t i o n  i n  a cons t an t  environment. The 
i n d i v i d u a l  f r equenc ie s  l i s t e d  a c t u a l l y  r e p r e s e n t  frequency 
bands. Four frequency ranges, 1) black bars ,  24 hours equal  
frequency band 20-36 hours, 2 )  white  bars, 12 hours e q u a l  
frequency band 11-14 hours, 3 )  c r o s s  hatched bars, 6 hours 
equal  frequency band 5.7-6.5 hours, 4) s t i p p l e d  bars ,  2 
hours equa l  frequency band 1.95-2.05 hours. 
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